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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of high grade 
synthetic quartz powder, and the manufacture method of the quartz-glass Plastic solid which comes to carry out 
melting fabrication of this. 
[0002] 

[Description of the Prior Art] In recent years, in the glassware used by the optical-communication field, 
semiconductor industry, etc., very severe management is performed about the quality. As the manufacture 
method of the glass of such a high grade, the method using the synthetic-quartz powder which calcinated and 
obtained the silica gel powder which obtained this by the hydrolysis, the gelling, etc. by the liquid phase which 
carries out melting fabrication, such as a gaseous-phase method and (3) silicon alkoxide, etc. is mainly learned 
using the fume generated in hydrolysis in the oxyhydrogen flame of gas silicon compounds, such as a method, 
(2) silicon tetrachlorides, etc. which refine and use (1) natural quartz, and the pyrolysis. 
[0003] 

[Problem(s) to be Solved by the Invention] However, among these, by the method of (1), a limitation is in 
reduction of a minute amount impurity content, and there are problems, like a manufacturing cost is very high 
by the method of (2). By the method using the silica gel of (3), especially the method using the silica gel 
powder which used the silicon alkoxide as the raw material, although low synthetic quartz glass is cheaply 
obtained for minute amount impurity content compared with the method of (2), it cannot be said that demand 
level is not necessarily filled. Furthermore, by the method of (3), although the reason was not clear, when the 
quartz-glass Plastic solid which comes to carry out melting fabrication of the synthetic quartz powder was used 
at the elevated temperature of 1400-1500 degrees C for a long time, devitrification might be produced. As a 
result of analysis of this invention persons, this devitrification portion was the cristobalite of a crystalline 
substance, and when this exfoliated and mixed especially during silicon-single-crystal raising, starting the 
problem that silicon polycrystal-izes and reduces the yield made it clear. Moreover, in a use which repeats and 
uses heating cooling, we imitate an on-the-strength fall and are anxious about ****** with the difference of the 
coefficient of thermal expansion of a crystalline substance (cristobalite) and an amorphous portion. 
[0004] 

[Means for Solving the Problem] Then, when this invention persons solved the above-mentioned technical 
problem, and did elevated-temperature use as a Plastic solid and it inquired wholeheartedly to obtain the 
synthetic quartz powder which does not produce devitrification, it found out that the synthetic-quartz powder 
obtained using what performed specific processing as a gas circulated at the time of baking could prevent 
devitrification of the Plastic solid obtained by carrying out melting fabrication of this, and it was reached to this 
invention. Namely, this invention is faced calcinating silica gel powder in a heat-resistant container, circulating 
a dry gas, and considering as synthetic quartz powder. The manufacture method of the synthetic quartz powder 
characterized by a dry gas letting a filter pass before being introduced in a heat- resistant container, and silica gel 
powder in a heat-resistant container It faces calcinating circulating a dry gas, considering as synthetic quartz 
powder, carrying out melting fabrication of the obtained synthetic quartz powder, and considering as a quartz- 
glass Plastic solid, and a dry gas consists in the manufacture method of the quartz-glass Plastic solid 
characterized by letting a filter pass, before being introduced in a heat-resistant container. 
[0005] 
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[Embodiments of the Invention] Hereafter, this invention is explained in detail. First, especially the silica gel 
powder used by this invention is not what is limited. For example, although the adding-water part solution 
method which obtains silica gel'by hydrolysis of the silicon compound of the colloidal- dispersion method which 
distributes a fumed silica etc. in water s considers as a silica sol, and makes this silica gel, alkoxysilane, silicate, 
etc. which can be hydrolyzed is mentioned Since it can high-grade-ize easily by that the physical properties of 
silica gel are excellent, and refining of a raw material, a adding-water part solution method Since it can remove 
easily, without producing the corrosion of a container etc. since especially a by-product is only alcohol, the 
silica gel powder which understood alkoxysilane an added water part and obtained it is suitable. 
[0006] Manufacture of the silica gel powder by hydrolysis of alkoxysilane is performed by making alkoxysilane 
and water react according to a method well-known as the so-called sol-gel method. As tetrapod alkoxysilane 
used as a raw material, the oligomer which is the low-grade alkoxysilane or its low condensates of CI -4, such 
as a tetramethoxy silane and a tetrapod ethoxy silane, is easy to hydrolyze, and desirable from a point with little 
survival of the carbon to inside to silica gel. 

[0007] The amount of the water used is usually chosen from the range below 10 time equivalence from more 
than the 1 time equivalence of the alkoxy group in alkoxysilane. Under the present circumstances, you may mix 
and use organic solvents, such as water, and alcohols with compatibility, ether, if needed. As an example of 
representation of the alcohol used, low-grade fatty alcohol, such as methanol ethanol, etc. is mentioned. 
[0008] It is good for this adding-water decomposition reaction as a catalyst also as the bottom of existence of 
acids, such as a hydrochloric acid and an acetic acid, and alkali, such as ammonia. In addition, let all the matter 
introduced into the systems of reaction, such as water used with a natural thing here, and a catalyst, be high 
grades. Gelling of a adding-water decomposition product is carried out in the bottom of heating, or ordinary 
temperature. If it heats, since the speed of gelling can be improved, the gelation time can be adjusted by 
adjusting the grade of heating. 

[0009] Although especially neither is limited but these well-known methods can be adopted in order to obtain 
silica gel, especially the physical properties of the quartz powder with which making the whole into the gel of a 
piece, grinding this, and carrying out on the following processes as pulverization silica gel powder is obtained 
rather than making silica gel generate as precipitate generally are excellent, and since ****** and the yield are 
also good, it is desirable in excessive processes, such as separation with a supernatant. 

[0010] In this way, the obtained silica gel is subdivided by trituration etc. if needed, and it considers as silica gel 
powder. Moreover, silica gel is dried prior to baking generally mentioned later. In this case, after you may dry 
after subdividing gel, and drying, you may subdivide. The particle size after dryness subdivides so that 10-1000 
micrometers may turn into 100-600 micrometers preferably as for being alike someday, and it sets a mean 
particle diameter to 150-300 micrometers. 

[001 1] Although the temperature of dryness changes also with conditions, it is usually 50-200 degrees C. 
Moreover, both a batch and continuation can perform operation. The grade of dryness is usually performed to 5 
- 30 % of the weight by ******. Thus, the obtained dryness silica gel powder is calcinated. Under the present 
circumstances, although the above-mentioned dryness silica gel powder can be directly heated in a 1000-1300- 
degree C temperature field, can be made to be able to turn nonporous and it can also consider as synthetic 
quartz powder, once it heat-treats at the temperature of 300-500 degrees C and fully reduces carbon 
concentration, it is desirable to heat-treat at 1000-1300 degrees C. This is based on the following reasons. 
[0012] Even if the dryness silica gel powder obtained by the above-mentioned method usually removes the 
alcohol which carried out the byproduction by dryness, an unreacted alkoxy group and a part of alcohol which 
carried out the byproduction remain. Although it changes also with dryness conditions when the carbon 
concentration in the dry silica gel powder is actually measured, it is usually 1 - 3 % of the weight. If this silica 
gel powder is heated and made nonporous in a 1000-1300-degree C temperature field among oxygen content 
gas, although combustion removal of a great portion of carbon will be carried out in temperature up process A 
part may be shut up into synthetic quartz powder as unburnt carbon, If the synthetic quartz powder containing 
this unburnt carbon is used, in the case of melting fabrication, it becomes C02 and CO gas and the cause and 
bird clapper of bubble generating are clear by examination of this invention persons. Then, it is necessary 
before sealing of silica gel to carry out whole-quantity removal of the unburnt carbon substantially. 
[0013] It became clear that the reduction speed increases and that nonporous-ization of silica gel advances 
rapidly in a temperature field 600 degrees C or more as it decreased generating CO and C02 when the residual 
carbon in dryness silica gel powder contacted oxygen content gas in the temperature region 300 degrees C or 



http ://www4 . ipdl .jpo.go .jp/cgi-bin/tran_web__cgi_ejj e 



8/1/2002 



Page 3 of 4 

more and processing temperature was raised by further research of this invention persons here. Then, it is 
desirable to carry out on heat-treatrflent at 1000-1300 degrees C by heat-treatment at the temperature of 300- 500 
degrees C, so that it may explain below after setting carbon concentration to 1000 ppm or less. 
[0014] Generally heating operation in.a 1000-1300-degree C temperature field is performed by the batch 
process. The quality of the material which the container to be used is [ quality of the material ] thermal 
resistance and does not generate the contamination of the impurity to synthetic quartz powder, for example, the 
crucible made from a quartz, is mentioned. The baking process explained above is performed in this invention, 
circulating a dry gas. As a dry gas, although inert gas and oxygen, such as nitrogen and an argon, air, and these 
mixed gas are mentioned, the field of economical efficiency to air is desirable. 

[0015] Here, in this invention, before introducing an above-mentioned dry gas in a heat-resistant container, it is 
characterized by letting a filter pass beforehand. In this way, by letting a filter pass, the devitrification at the 
time of melting fabrication is prevented, and the obtained synthetic quartz powder can obtain the Plastic solid 
excellent in especially transparency. Although a reason is not clear, a granular foreign matter removable with a 
filter is considered to have played a certain role in the mechanism of devitrification. 

[0016] Absolutely, a filtration accuracy is especially desirable and the thing 0.1 micrometers or less of a filter is 
desirable 0.3 micrometers or less. Although a reason is not clear, the role which the foreign matter of a particle 
size removable with such a filter plays in the mechanism of devitrification especially is considered to be a large 
thing. The quality of the material of a filter has that desirable by which combustion removal is carried out, even 
if what the problem by the contamination to the synthetic quartz powder obtained does not produce 

substantially improves ** contamination at the time of baking [ resin / fluorine system / (trademark : "Teflon") / 
polypropylene, ]. Or you may be a ceramic porosity object. 

[0017] Moreover, the gas to be used fully removes the moisture contained by methods, such as adsorption, and 
makes preferably -20 degrees C or less of dew-points -40 degrees C or less. If a dew-point is higher than this 
range, the residual silanol concentration of the synthetic quartz powder obtained becomes high and is not 
desirable. As for a dry gas, it is simple to make it circulate by circulating the front face of the powder bed with 
which it was filled up in the container, or supplying from the insertion pipe inserted into the powder bed. When 
the method of supplying with the insertion pipe inserted into the powder bed among these methods calcinates 
using a mass container, it can obtain the synthetic quartz powder of a uniform property, and it is convenient. 
However, when supplying from the insertion pipe in a powder bed, as for the flow rate of gas, it is desirable to 
choose from the field where fine particles do not discover a bubbling phenomenon. If a bubbling phenomenon 
is discovered, although a reason is not known well, the reduction speed of a silanol falls and the boil-off of the 
fine particles from a container occurs further. 

[0018] In addition, since a big bubble bursts and fine particles dance so that the fine particles near a dry gas 

insertion mouth will begin to dance on a powder bed front face if a bubbling phenomenon begins, and the so- 
called bubble of the "torture of Blood Pond" may explode, if a flow rate is raised further, it can check easily that 
the bubbling phenomenon has arisen. The quality of the material made from a quartz which does not generate 

the contamination of an impurity as well as a container of the quality of the material of an insertion pipe, for 

example, a product, is desirable. 

[0019] In this way, the silanol concentration in synthetic quartz powder continues 100 ppm or less of baking 
until it is preferably set to 60 ppm. Thus, melting fabrication is carried out by the well-known method, and let 
obtained synthetic quartz powder be a quartz-glass Plastic solid. That what is necessary is just to choose the 
forming method suitably according to the use of a Plastic solid, if a use is a crucible and it is the arc melt 
method and a fixture for IC, the method of fabricating by the Verneuil method by the oxyhydrogen flame to an 
ingot, the HYUJON method which carries out heating fusion under a vacuum using the mold made from carbon 
will once be mentioned. 

[0020] The synthetic quartz powder obtained by this invention can be suitably used as a raw material of the 

super-high grade silica-glass product with which the various high temperature strengths used for semiconductor 

manufacture fields, such as a tube of the crucible for silicon-single-crystal raising and a diffusion furnace and a 

fixture, are demanded. 

[0021] 

[Example] 

The example 1 (manufacture of dry silica gel powder) high-grade tetramethoxy silane was made to react with 
water, and massive wet gel was obtained. Then, after the network type grinder ground this massive wet gel, 
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stoving was carried out under reduced pressure and powdery dry silica gel was obtained. The mean particle 
diameter of this (henceforth "dry silica gel powder' 1 ) dry silica gel powder that classified this powdery dry silica 
gel with the machine according'to oscillating-type screen, and acquired lOOmicro or more particle 500micro or 
less was 250 micrometers: 

(Baking) Heat-treatment explained below was performed using the rotary kiln which shows an outline to 
drawing 1 . the inside of drawing K and 6 — a dry gel hopper and 7 ~ a table feeder and 8 — a work tube and 9 - 
- a feed hopper and 10 -- a feed-hopper doughnut-like weir and 1 1 - an air supply pipe and 13 — an exhaust 
port doughnut-like weir and 12 — an exhaust port and 14 - for the 2nd heating heater and 17, as for the 4th 
heating heater and 19, the 3rd heating heater and 18 are [ a processing powder receiver and 15 / the 1st heating 
heater and 16 / the 5th heating heater and 

[0022] the work tube of this rotary kiln - the quality of the material - a quartz - it is - the shape of length 
(heating zone):2m, bore:200mm, and a feed-hopper doughnut - the shape of diameter:of weir opening40mm, 
and an exhaust port doughnut ~ it has a diametenof weir opening40mm size Moreover, the work tube was 
adjusted so that the degree of tilt angle might turn to 0.5 degrees. First, dehumidifying air of -45 degrees C of 
dew-points which let the filter of 0.1 micro of filtration accuracies pass for powdery dry silica gel absolutely by 
6.2 kg/Hr was supplied from the feed hopper by 45001. / Hr, carrying out the temperature up of each heating 
heater to 500 degrees C, and rotating a work tube by 4rpm. It continued and the fine particles discharged from 
the exhaust port were again heat-treated on the conditions shown below using the same rotary kiln. 1 st heating 
heater: - 600 degrees C and the 2nd - heating heater:700 degree C and the 3rd - heating heater: 850 degree C 
and the 4th - heating heater: 1000 degree C and the 5th - the fine particles which supplied air from the feed 
hopper by 1000L / Hr by 6.5 kg/Hr, and heat-treated fine particles were obtained, carrying out a temperature up 
to heating heater: 1060 degree C, and rotating a work tube by 4rpm The mean particle diameter of these fine 
particles was 205 micrometers. 

[0023] 130kg of fine particles which gave above-mentioned heat-treatment was taught to the crucible made 
from quartz glass of 550mmphix600mmH. Then, as shown in drawing 2 , the quartz-glass pipe was inserted in 
the core and dehumidifying air of -45 degrees C of dew-points which let the filter of 0.1 micro of filtration 
accuracies pass absolutely was supplied to it by 61. per 1kg of fine particles / Hr. It held at 1200 degrees C for 
60 hours, supplying the dehumidifying air of this flow rate. 

[0024] After the baking end, supplying dehumidifying air, it cooled to the room temperature and fine particles 
were collected. In addition, for one, as for the crucible made from quartz glass, and 3, a quartz-glass pipe and 2 
are [ fine particles and 4 ] electric furnaces among drawing 2 . 

(Devitrification examination) The following tests were carried out in order to investigate the influence of 
devitrification on the obtained synthetic quartz powder. First, the vacuum of the 50g of the obtained synthetic 

quartz powder was carried out, and the ingot was created. When the number of the white devitrification spots 20 
micrometers or more which generated this ingot in argon atmosphere in the ingot which held at 1630 degrees C 
for 5 hours, and was obtained was counted, it was zero piece among 50g. 

The same operation as an example 1 was performed except having used the filter whose example 2 absolute 
filtration accuracy is 100 micrometers. The result of a devitrification examination was five pieces into 50g. 
The same operation as an example 1 was performed except not using example of comparison 1 filter. The result 
of a devitrification examination was seven pieces among 50g. When the X diffraction analyzed the 
devitrification spot produced in the devitrification examination of an example 2 and the example 1 of 
comparison, it was checked that it is a cristobalite. 
[0025] 

[Effect of the Invention] By this invention, high grade synthetic quartz powder with little devitrification and a 
high grade quartz-glass Plastic solid with little devitrification can be obtained at the time of the elevated- 
temperature use of a Plastic solid which comes to carry out melting fabrication. 



[Translation done.] 
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aui/^TKctta/if. mux. huc^-t^ic, ^>t^\z. ssaj^zMffAu te*ratiA?i 

SO . 1^(7)7 4 5°Cfl)ffiiaffi«*l»#1 k gSfcVJ, 6 U * / H r T» 

flu&uto i^E*fl)i8iasa«*^i&u-3^ 1 2 o o°cx\ 6 oi$HHJiM$ufco 

[0 0 2 4] &J»7&, Bias5ft*^U^SSffl*T?^aiU»#*llIiRUfco fcfc, HI 2 

^6tit^^3ll»5 0 g€JC2U -Olfy N£#$U£ 0 C0Y>J^ S€7JHJ>£ 
ffl^fT\ 1 6 3 0°CT5l$F B ^&U iStitOJ^ h*C3fc±Ufc 2 0 nm&±0 Gfe<7)&5§ 

h<D»€»*.fcfcC3, 5 0g^ 0®X'&-*fc 9 
£%ffl2fettXiM£#1 0 0^m<D7^2-£<£fflb£J^B, USSflJ 1 t HttOli^*^^ 
to ^S&t^0)MB. 5 0g> *5<lT&ofc 0 

tttttt^-f^^-SttfflU^^^BIiaiffillfcMOJft^*^^*:- *aStlft«)te*B, 5 0 

g4>v 7<@T<fcojto ^Mij2^*JtMiJl(D^^T"^Ut^7N^y h^X^Isl^C^U^ 

[0 0 2 5] 
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